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ABSTRACT 
New innovative precision technologies are changing the way farmers are 
producing crops across the world. This research looked at two row crop technologies 
(planter downforce and spray droplet size) that directly impact the entire production 
system through crop establishment and pest management. The objective of this research 
was to determine the implementation and profitability of these technologies for farmers to 
understand and use on their farms in South Carolina. The first study, planter downforce, 
was conducted at the Edisto REC near Blackville, SC, and at the Piedmont REC near 
Pendleton, SC. Four-row plots were arranged within a split-split plot experimental 
design, where tillage (conventional/strip-till at EREC and conventional/no-till at PREC) 
was the main plot factor, gauge wheel (normal and narrow) was the sub-plot factor, and 
downforce (target gauge wheel load) was the sub-sub-plot factor. Seven different 
downforce settings (0.0 to 136 kg in 22.7 kg increments) were compared in soybean 
planted in each tillage system at each location. The second study, spray droplet size, was 
conducted between 2019 and 2020 at the Edisto REC in Blackville, SC. Three separate 
fields were used, where 1-2 leaf cotton was sprayed with Orthene 97SG (Acephate) 
applied at a rate of 197 g ai ha-1 targeting thrips. This study was arranged in a randomized 
complete block design with treatments consisting of 150, 300, 450, 600, 750, and 900 µm 
droplets applied on four row plots. Results from the downforce study resulted in 
decreased emergence when downforce was applied over 90.7 kg as compared with 0, 
22.7, 45.4, and 68.0 kg at EREC. Downforce rate influenced plant emergence at 2, 3, and 
4 DAE at PREC, where rates over 68.0 kg resulted in greater emergence than 0 and 22.7 
iii 
kg. As downforce increased across treatments, the depth at which soybean seeds were 
placed also increased up to 35%. No significant differences in yield were observed as a 
function of tillage, gauge wheel, or downforce rate at EREC. However, at PREC, 
significant differences in yield were observed in 2020, where tillage type influenced 
soybean grain yield. Results from the spray droplet size study found that in 2019, 
acephate applied at a droplet size of 450 microns resulted in the greatest number of thrips 
on cotton 3 DAA when compared to all other droplet sizes. Visual injury ratings 3 DAA 
were greater on cotton where acephate was applied at 300-micron droplets when 
compared to other droplet sizes. In 2020, acephate applied at a droplet size of 150 
microns resulted in the lowest number of thrips on cotton 14 DAA when compared to all 
other droplet sizes. Even with significant differences in thrips counts among treatments 
during 2019 and 2020 neither year resulted in yield differences between droplet size 
treatments or the untreated check. Continued research on the impacts of planter 
downforce and spray droplet size on agronomic and economic factors are needed in row 
crop production in South Carolina.  
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Over the last decade, day-to-day life has changed drastically due to new and 
innovative technologies. The same can be said about the agricultural industry. More 
technological advances are being made in the agricultural industry every day to aid in the 
assistance of sustainable agriculture. New innovative precision technologies are changing 
the way farmers are producing crops across the world. Not only has there been an 
increase in number of technologies themselves, but there has also been an increase in the 
adoption of these new technologies. With any new technology, as the adoption of these 
technologies increase, it is often challenging to be able to provide accurate 
recommendations for farmers due to limited research using these technologies.     
Agriculture precision technologies are tools that help minimize operator error and 
maximize grower production. The introduction of modern-day precision technologies can 
often be traced back to 1983 when the use of Global Positioning System (GPS) became 
available for public use (Lowenberg-DeBoer & Erickson, 2019). Since the introduction 
of GPS, manufacturing companies have produced many technologies that are used on 
today’s farms. Some of the first precision technologies introduced into agriculture were 
variable rate fertilizer (1987), handheld Global Navigation Satellite System (GNSS) 
(1988), impact plate grain yield monitor (1992), auto guidance (1997), cotton yield 
monitor (1997), and variable rate nitrogen applicator (2002) (Lowenberg-Deboer & 
Erickson, 2019). The adoption of these technologies was null at first, but 
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Schimmelpfennig & Ebel (2011) observed an increase in the adoption of some of these 
technologies from 1997 to 2005. According to Schimmelpfennig & Ebel (2011), an 
increase in the adoption of these technologies was likely due to them becoming standard 
on new equipment, reductions in cost, and an increase in the usage of these technologies. 
Another survey conducted by the USDA recently found that the adoption rate of yield 
monitors, GPS guidance, and variable rate technology had increased between 2010-2012. 
Their survey also found that as average farm size (>1,538 hectares) increased, the 
adoption rates of new agriculture technologies also increased (Schimmelpfennig, 2016). 
With an increase in the adoption of these technologies, continued research is needed to 
provide farmers a better understanding of how precision technologies can profitably be 
put into practice on their farms. Two precision technologies that are currently being 
adopted at high rates in agriculture are precision technologies that deal with (1) planters 
and planting and (2) sprayers or pesticide delivery. These two categories of precision 
technologies directly impact the entire production system through crop establishment and 
pest management. As the adoption of precision technologies and innovations in these 
technologies increase, further research is needed to determine the implementation and 
profitability of these technologies on farmers’ farms.  
 
Planter Downforce 
The adoption of new planter technologies to improve seed placement, planter 
performance at higher planting speeds, and maintain appropriate gauge wheel load 
through control options has increased in recent years. With manufacturers flooding the 
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market with new planter technologies, it is highly likely that a grower will purchase 
planter add-ons or purchase a new planter that is equipped with these technologies. With 
planting being one of the most important processes during a growing season, it is 
important that researchers and farmers understand the practicality and functionality of 
these applications.  
One type of planter technology that is available for farmers to use is planter 
downforce. Planter downforce is often associated with assisting and maintaining uniform 
seed depth across fields, intended to improve crop emergence and uniformity. Downforce 
is described as the supplemental load that the gauge wheel carries coming from all 
applied forces on a row-unit. Morris (1988) describes the ideal downforce is enough 
downforce to open the furrow to the desired planting depth. Previous seeding depth 
studies have shown that planting at depths more than the desired seeding depth could lead 
to inadequate crop performance (Ozmerzi et al., 2002; Thomison et al. 2012).  More 
specifically, in corn using downforce on planters has shown some agronomic and 
economic benefit in the Midwest. Studies by Carter et al. (1989) and Liu et al. (2004) 
reported 4 to 10% increases in corn yield when emergence was uniform. Planter 
downforce falls into two categories: active or static. Active downforce is defined as either 
upward or downward force being applied to the planter row unit to maintain a target force 
or gauge wheel load, the amount of weight riding on the gauge wheels. The goal of 
downforce is to apply enough downforce to overcome the soil’s resistance and place 
seeds at a desired depth. Active downforce provides a potential advantage over static 
downforce, as it compensates for changing soil texture, moisture, residue, and other 
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sources of resistance. Active downforce is often applied with either hydraulic cylinders 
mounted to the front of the planter row unit or dual pneumatic airbags. Unlike the 
uniform, highly productive, Mid-western soils, active downforce could be beneficial to 
farmers throughout the southeastern United States due to extreme variability in soil 
textures across fields in the region. Research by Virk et al. (2020) indicated that active 
downforce can help improve uniform emergence in cotton in fields with varying soil 
textures by applying the appropriate downforce for each individual soil texture. Static 
downforce is defined as applying a constant downward force to planter row units. Static 
downforce is typically applied with either manual springs or a single pneumatic airbag. 
While uniform seeding depth can be achieved with static downforce, the ability to alter 
downforce across variable soils is unlikely, thus an excess downforce is often applied 
with static systems to overcompensate for soil resistance changes. 
With several planter manufacturers developing precision planting technologies, 
the likelihood that a grower will either purchase planter add-ons or purchase a new 
planter with precision planting capabilities is very likely now and in the future. 
Unfortunately, most of the research conducted on these types of planter technologies is in 
the mid-western United States where the majority are manufactured and sold (Carter et 
al., 1989; Liu et al., 2004). Research is needed in the southeastern United States to 
provide recommendations for farmers who currently utilize or wish to purchase these new 




Over the last several decades, the adoption of sprayer precision technology has 
increased across farms in South Carolina providing farmers the ability to apply pesticides 
to row crops in an accurate and timely manner. Furthermore, the number of weed, insect, 
and disease species that have become resistant to pesticides that once controlled them, 
has also increased in recent years (Gould et al., 2018; Heap, 2020). With fewer 
agrichemical discoveries being made by private industry, preservation of current modes 
of action, compounds, and molecules is essential to the sustainability of our pest 
management practices in agriculture.  
 In order to reduce the likelihood of pesticide resistance developing, specific pest 
management tactics are often suggested to applicators. These tactics include, rotating the 
use of one specific mode of action with another throughout the growing season, applying 
chemicals at labeled rates, and applying chemicals in appropriate ways through correct 
spray application technologies to maximize their efficacy. New sprayer technologies 
allow farmers to have capabilities that include increased spray quality, enhanced ability 
to control or manage spray drift, rate control, turn compensation, sectional control, and 
quicker nozzle shutoff response. Since 1998, pulse width modulation (PWM) technology 
has been an available option for commercial spray systems through Case IH (CNH 
Industrial America LLC, Racine, WI) in partnership with CapstanAg (Capstan Ag 
Systems, Inc., Topeka, KS). Pulse width modulation allows spray pressure across the 
boom to remain constant regardless of travel speed. Constant spray pressure cannot be 
achieved with varying travel speeds with a traditional sprayer and rate controller (Butts & 
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Kruger, 2018). By maintaining a constant spray boom pressure, spray droplet size 
remains constant and uniform, thus allowing specific combinations of pressure and 
nozzle types to be used to generate specific droplet size. 
Targeting specific droplet sizes is one way farmers can prevent the loss of current 
modes of actions used in today’s agriculture, if optimal droplet size ranges are defined for 
various products. Traditionally, smaller droplet sizes have been used to control insect 
pests due to increased coverage and canopy penetration (Knoche, 1994; Ferguson et al., 
2015). However, smaller droplet sizes are more prone to drift as compared with larger 
droplets sizes (Butts et al., 2019). With increasing weed resistance to glyphosate and 
other herbicides, the use of auxin herbicides has increased in recent years. Post-
emergence use of auxin herbicides requires a minimization of off-target drift. One way to 
reduce off-target drift is to utilize large droplet sizes when applying auxin herbicides. 
Unfortunately, many other products, such as most insecticides, perform better with small 
droplets. However, due to in-season use of auxin herbicides and an effort to reduce off-
target drift, farmers are using large droplet sizes and applying all pesticides in a mix at 
one application. 
In order to save time and money, many farmers would prefer to make one trip 
across a field when applying pesticides. A survey conducted by Bish and Bradley (2017) 
found that commercial and noncommercial applicators change spray nozzles between 
spray applications less than 50% of the time. Historically, researchers have recommended 
smaller droplet sizes to increase spray coverage and canopy penetration. However, with 
recent recommendations for larger droplet sizes to reduce spray drift, farmers now face 
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difficulties when deciding what droplet sizes to use. Providing evidence that larger 
droplet sizes can provide the same amount of control as smaller droplet sizes with new 
sprayer technologies could be beneficial to farmers in South Carolina. For South Carolina 
farmers to remain competitive with other United States and World markets, a focus on 
sustainability and profitability is essential. By upgrading their utilization of planter and 
sprayer technologies, South Carolina farmers can precisely perform agronomic tasks to 
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Using planter technologies such as downforce could assist farmers with 
maintaining uniform seeding depth thereby impacting crop emergence, yield, and 
producer profit margins. In South Carolina, soybean, Glycine max L. Merr., is grown on 
approximately 127,530 hectares consisting of varying soil textures, topography, and 
tillage practice. Therefore, managing planter downforce may improve the uniformity of 
seedling emergence. Limited research has been conducted in the southeastern United 
States to determine if uniform emergence has an effect on soybean similarly to corn, Zea 
mays L., in the mid-western United States. This research was conducted at the Edisto 
REC (EREC) near Blackville, SC, and at the Piedmont REC (PREC) near Pendleton, SC. 
Four-row plots were arranged within a split-split plot experimental design, where tillage 
(conventional/strip-till at EREC and conventional/no-till at PREC) was the main plot 
factor, gauge wheel (normal and narrow) was the sub-plot factor, and downforce (target 
gauge wheel load) was the sub-sub-plot factor. Seven different downforce settings (0 to 
136 kg in 22.7 kg increments) were compared in soybean planted in each tillage system at 
each location. A 4-row John Deere 1700 planter equipped with Precision Planting 
DeltaForce (Precision Planting, LLC, Tremont, IL) equipment on 76-cm row spacing was 
used for planting of all treatments. At EREC, downforce rate over 90.7 kg resulted in 
decreased emergence as compared with 0, 22.7, 45.4, and 68.04 kg. Downforce rate 
influenced plant emergence at 2, 3, and 4 DAE at PREC, where rates over 68.0 kg 
resulted in greater emergence than 0 and 22.7 kg. As downforce increased across 
treatments, the depth at which soybean seeds were placed also increased up to 35%. No 
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significant differences in yield were observed as a function of tillage, gauge wheel, or 
downforce rate at EREC. However, at PREC, significant differences in yield were 
observed in 2020, where tillage type influenced soybean grain yield. Continued research 
on the impacts of planter downforce on the agronomic and economic factors in soybean 
production in South Carolina is needed.  
Introduction 
 In 2019, production of soybean, Glycine max (L.) Merr., on 127,530 
harvested hectares in South Carolina resulted in grain with a net worth of $76,128,000 
(NASS, 2020). From 2017-2020, soybean prices ranged from $8.36 to $10.30 and 
estimated yields ranged from 707 to 1034 kg per hectare (NASS, 2020). With low yields 
and inadequate soybean prices, soybean farmers must find alternative ways to maximize 
yields and increase profits on their farms. Planting is one of the most critical field 
operations, as mistakes during planting could lead to poor plant stand, low emergence 
and ultimately reduced crop growth and yield (Karayel and Ozmerzi, 2008). One of the 
main objectives of a planter is to place seeds uniformly in each furrow across the entire 
field (Hudspeth and Wanjura, 1970). Thomison et al. (2012) found that placing seeds at 
undesirable depths could potentially decrease crop yield. Past research has found that 
uniform seeding depth increases the chances of uniform emergence, which is needed to 
maximize potential crop yields (Carter et al. 1989). Uniform seeding depth can be 
achieved by using proper downforce which provides enough force to maintain the desired 
seeding depth and provide optimum seed-soil contact by firming the soil within the 
seedbed (Hanna et al., 2010). Due to varying soil textures throughout the Southeast, it is 
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important to maintain adequate downforce in each soil texture during planting to maintain 
constant pressure against the gauge wheels. In a study by Raper and Kirby (2006), 
improper downforce caused sidewall compaction resulting in poor root development and 
ultimately reducing crop yield potential. Although limited research has been conducted in 
the Southeast as to whether the addition of downforce technologies is advantageous in 
terms of crop yields, some farmers have adopted the practice. Because research is limited 
on planter technologies for soybean in South Carolina, one objective of this research is to 
determine if planter downforce has an influence on soybean emergence and yield. Due to 
high equipment costs, a better understanding of new or additional planting technologies is 
needed to assist farmers in South Carolina. Because downforce has the potential to 
influence agronomic factors such as uniform seeding depth, sidewall compaction, seed 
furrow creation, and seed-to-soil contact, and soybean may have a positive response to 
uniform emergence, the incorporation of downforce on soybean planters should be 
evaluated to establish downforce recommendations and return on investment in South 
Carolina. 
In addition to planter downforce, tillage operations and gauge wheel setup also 
play important roles during planting. Conventional tillage, strip-tillage, and no-tillage are 
some of the main types of tillage systems used in producing rows crops in South 
Carolina. As defined by the USDA, tillage is used to control weeds, to incorporate 
previous crop residue, and to prepare optimum conditions for planting, while minimizing 
soil disturbance and maintaining soil cover for enhancing soil health (Claassen et al., 
2018). Research on soybean responses to different tillage systems has been observed 
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across the United States. Edwards et al. (1988) found that a no-till production system out 
yielded conventional tillage by 736 kg ha-1 in three out of four years in a study in 
Alabama. In contrast, in another study in Wisconsin, soybean yields were higher in a 
conventional tillage system by 537 kg ha-1 as compared with a no-tillage system (Guy and 
Oplinger, 1989). Although research has been conducted on tillage systems across the 
United States (Edwards et al., 1988; Guy and Oplinger, 1989; Claassen et al., 2018), 
recommendations on tillage type as a factor of gauge-wheel and downforce is needed for 
farmers in South Carolina. Along with downforce and tillage type, gauge wheel setup 
could impact downforce effects on sidewall compactions and the stability of the planter 
during planting. During planting, gauge wheels travel along both sides of the planting 
furrow and provide pressure to the soil surface to allow proper seed depth and contact 
with the soil. Limited data are available regarding the optimum gauge wheel setup for 
soybean production in South Carolina. A secondary objective of this research is to 
determine the optimum downforce settings for various tillage practices and gauge wheel 
setup on planter units. As farmers are adopting new planter downforce technologies, 
research is needed to provide recommendations on how to use these new planter 
technologies in row crop production in South Carolina.  
Materials and Methods 
Experiments were conducted at the Clemson University Edisto Research and 
Education Center (EREC) in Blackville, SC, and at the Piedmont Research and Education 
Center (PREC) in Pendleton, SC, in 2019 and 2020. Blackville is located in the Coastal 
Plain of South Carolina (33̊ 21’55” N, 81̊ 19’47” W). Research fields at EREC were 
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irrigated on a Barnwell sandy loam (fine-loamy, kaolinitic, thermic Typic Kanhapludults) 
(USDA-NRCS, 2021). Pendleton is located in the Piedmont region of SC (34̊ 37’22” N, 
82 ̊43’33” W), and fields at PREC consisted of a rain-fed Cecil sandy loam (fine, 
kaolinitic, thermic Typic Kanhapludults) (USDA-NRCS, 2021). At the Pendleton 
location soybean were double cropped or planted into wheat (Triticum aestivum L.) 
stubble, which is representative of a typical soybean production system in the Upstate 
region of South Carolina. Each year at both locations a maturity group VI soybean, 
Asgrow 69X6 (Bayer CropScience, St. Louis, MO), was planted at 321,236 seeds ha -1 
(Table 2.1). In each year, at both locations, two experiments were conducted, with the 
first evaluating static downforce and the second evaluating active downforce. Plots in the 
static downforce experiment were 76-cm rows wide (3.05 m) and 15.24 m long. The 
static downforce experiment was arranged within a split-split plot design with four 
replications, where tillage (conventional/strip-till EREC and conventional/no-till PREC) 
was the main plot factor, gauge wheel setup (narrow at 5 cm and normal at 10 cm) was 
the sub-plot factor and seven downforce rates (0.0-136.1 kg) was the sub-sub-plot factor, 
(Table 2.2). Plots in the active downforce experiment were four 76-cm rows wide (3.05 
m) and 60.95 m long. The active downforce experiment was arranged in a randomized 
complete block design, with four downforce rates (22.6, 45.4, 68.0, and 90.7 kg) and four 
replications. The active downforce experiment consisted of a constant tillage type (strip-
till or conventional) and gauge wheel type throughout the entire study depending on 
location (Table 2.3.).  
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Prior to planting, field preparation was conducted using an Unverferth strip-till 
implement (Unverferth Mfg. Co., Inc., Kalida, OH) and/or an Athens disc (Athens Plow 
Company, Inc., Athens, TN). At EREC, both tillage operations were used in the static 
downforce experiment, with a broad tillage (disc) in conventionally tilled plots and strip 
tillage for the strip-tillage treatments. All plots were strip-tilled in the active downforce 
experiment at this location. At PREC, a 3.05 m Athens disc and a field cultivator were 
used to prepare the conventionally tilled plots, and the no-till plots were untouched. The 
experiment on active downforce at PREC consisted of conventional tillage in 2019 and 
no tillage in 2020. Before planting, all row units were checked to ensure uniform seeding 
depth across the planter. Blocks were placed under the gauge wheel, and the T handle 
was adjusted uniformly across the planter. The distance between the gauge wheel and tip 
of the opener discs was measured for each row unit. A measurement was conducted 
between the disc contact points between the two disc openers ensuring the preferred 
distance between the contact points was 3.8 to 5.1 cm based on the thickness (3.5mm) of 
the seed disc opener (John Deere, Moline, IL).  
Soybean seed were planted using a 4-row John Deere 1700 vacuum planter (John 
Deere, Moline, IL) equipped with Precision Planting Deltaforce equipment (Precision 
Planting, LLC, Tremont, IL). Deltaforce technology can actively adjust downforce rates 
hydraulically throughout a field by using load sensors that determine gauge wheel load of 
each row unit, and an operator, viewing these data in real time, was able to change 
downforce rates (0.0-136.1 kg) within seconds from one plot to the next. Soybean seeds 
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were planted at 2.54 cm in 2019 and 3.81 cm in 2020. Gauge wheel type was swapped 
after all plots consisting of the first gauge wheel type had been planted.  
Once an initial soybean plant emerged in a test, all plants visible (Figure 2.1) 
within a randomly selected 1.5 m (5 ft) section of row were counted in each plot to 
estimate rates of seedling emergence. Immediately after planting, five random readings 
were taken in each plot at a depth of 10.1 cm adjacent to the seed furrow where the gauge 
wheel traveled during planting using a SpotOn® Digital Soil Compaction penetrometer 
(Innoquest Inc., Woodstock, IL) to test for sidewall compaction caused by excessive 
downforce (Figure 2.2.).  
Additional data collected were seed depth, in-season plant heights and node 
counts, at-harvest plant heights and node counts, and yield. In order to assess whether 
increasing downforce rate affected targeted seeding depth, seed depth was measured by 
manually digging down to the seed and, in four random locations in each plot, placing a 
level across the top of the seed bed and measuring from the top of the seed in the furrow 
to the soil surface line in 2019. The same measurements were collected in 2020, but, 
instead of manually digging down to the seed in each plot, the closing wheel of one row 
unit was locked in the upward position and not contacting the soil, leaving an open 
furrow for measurements of seed depth. Plant heights and total nodes were measured and 
counted at 1 week after emergence, 5 weeks after emergence, and at harvest. The middle 
two rows of each four-row plot were harvested using a Kincaid 8XP (Kincaid, Haven, 
KS) plot combine. After plots were harvested in the field, harvest bags were taken to the 
lab to record total grain weight, grain moisture, temperature, and test weight using a GAC 
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2500-UGMA (Dickey-john®, Auburn, IL) grain analysis computer. Data were subjected 
to analysis of variance using PROC GLIMMIX procedure in SAS 9.4, and means were 
separated using a multiple pairwise t test at α ≤ 0.05.  
Results and Discussion 
Static Experiment 
The growing seasons of 2019 and 2020 at EREC and PREC were similar in terms 
of average high and low temperatures, but considerably less rainfall was observed in 
2019 than in 2020 (Table 2.4). Poor planting and growing conditions resulted in 2019 
because of reduced amount of rainfall, particularly at PREC due to no irrigation 
capability. 
Seed Depth  
 In 2019, planting depths were significantly affected by the interaction of tillage x 
gauge wheel x downforce (P = 0.0006). Data revealed that plots with strip-tillage, normal 
gauge wheel type, and 0 kg of downforce placed soybean seeds at a depth of 2.29 cm, 
which was 9% shallower than the targeted planting depth of 2.54 cm (Table 2.5). 
However, seeding depth increased by 35% to 3.45 cm as downforce increased to 136.1 kg 
(Table 2.5). These findings agree with the findings of Hanna et al. (2010) and Fulton et 
al. (2015), who also found an increase in seeding depth with higher downforce settings. 
Treatments consisting of conventional tillage resulted in soybean seed being placed 7.2% 
deeper than treatments planted into strip tillage. It appears that conventional tillage 
disrupted the soil in such a manner that there was very little soil resistance causing the 
seed to be placed at deeper depths than the targeted downforce rates. No significant 
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differences in seed depth were found among treatments as a function of gauge wheel 
type. Although there were significant differences in seeding depth in 2019, no significant 
differences in seeding depth were observed in 2020 (Table 2.6). This may have been a 
result of lifting closing wheels in 2020 vs. planting and manually digging down to the 
seed in 2019.  
Soil Compaction 
 Data on soil compaction varied significantly by location, with penetrometer 
readings at PREC generally higher than those measured at EREC (Table 2.7). This was 
likely a result of limited rainfall at planting and heavy clay texture soils and no irrigation 
at PREC compared with EREC. However, no significant differences in soil compaction 
between downforce rates were observed at PREC due to consistently high penetrometer 
readings across the entire static experiment. Whereas, at EREC significant differences 
between treatments were observed. The overall mean penetrometer readings at EREC 
were lower than at PREC due to timely irrigation and sandy textured soils at EREC. At 
EREC, penetrometer readings ranged from 61.9 to 105.6 PSI. Furthermore, as downforce 
rate increased, penetrometer readings also increased in the static experiment. The highest 
penetrometer readings were observed in plots with conventional tillage x normal gauge-
wheel x 136.1 kg of downforce at EREC. Across both years at EREC, penetrometer 
readings increased significantly as downforce increased over 68.04 kg. The lowest 
penetrometer reading was decreased by 41.37 % as compared with the highest readings 
by strip-tillage x narrow gauge-wheel x 0 kg of downforce. Although penetrometer 
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readings were significantly different, no yield-limiting compaction resulted as a function 
of treatment combinations at either location in both years.  
Emergence  
 Significant differences in soybean emergence were observed by the interaction of 
tillage, gauge-wheel, and downforce at EREC and PREC (Table 2.8). At EREC, 
emergence was only affected two weeks after emergence by the interaction of gauge-
wheel x downforce (P = 0.0241) (Table 2.8). Emergence was highest at normal gauge 
wheel x 22.7 kg of downforce regardless of tillage type. Normal gauge wheels provided 
better emergence where downforce was reduced. Whereas, emergence rate by downforce 
alone at 2 days after emergence (DAE) resulted in significant differences (Table 2.9). As 
downforce increased to or above 90.7 kg the number of emerging plants decreased. Even 
though soybean emergence did not vary significantly among the 1, 3, or 4 DAE intervals 
the same trend can be seen where emergence decreases as downforce increases over 90.7 
kg. The increase in emergence with lighter downforce rates may be due to lighter sandy 
soils and adequate soil moisture during planting, which do not require a high downforce 
to place seeds uniformly. It is also likely that higher downforce rates caused the soybean 
seeds to be planted deeper than the desired planting depth, resulting in decreased 
emergence with downforce rates over 90.7 kg. Higher downforce rates created a trench 
during planting (Figure 2.3). It was observed that soybean emergence was decreased in 
plots where a trench was made, due to increased downforce resulting in increased seeding 
depth and higher penetrometer readings. At the PREC location, emergence varied 
between 2, 3, and 4 DAE (Table 2.8). For all three DAE, a downforce of 68.04 kg or 
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higher resulted in increased emergence rates as compared with reduced downforce rates. 
Similar results were found by Virk et.al., (2020), where emergence rate increased as 
downforce increased in heavy clay textured soils in cotton. Increased emergence with 
higher downforce rates at PREC is likely a result of placing soybean seeds uniformly and 
deeper into the soil closer to adequate soil moisture as compared with lighter downforces. 
With lighter downforce rates (0.0 and 22.7 kg), it was observed that there was not enough 
downforce to penetrate through the soil surface and seeds were placed on top of the 
ground. With soybean seeds placed on top of the ground and very dry hot weather 
conditions at planting, soybean seeds at lighter downforce rates did not receive adequate 
contact with the soil and moisture, resulting in poor emergence. At 2 DAE, the 
conventional tillage x narrow gauge wheel x 136.1 kg downforce regime resulted in the 
greatest emergence with 21.6 plants/16.4m of row emerged. The increase in emergence 
with greater downforce rate may be due to the very compact soils at planting due to 
heavy clay textured soils and limited rainfall.  
Yield 
 In 2019, there were no significant yield differences among treatments at either 
location. In 2020, the EREC location also resulted in no significant differences among 
treatments; however, the PREC location had significant differences among treatments 
(Table 2.10).  In 2019 and 2020, inadequate growing conditions (i.e., no rainfall and 
excessive deer feeding) caused the PREC location to have extremely poor yields 
compared with the EREC location. Grain yield was significantly affected by tillage type 
in 2020. Soybean yield ranged from 295 to 1089 kg/ha-1 at PREC. Soybeans planted in 
 20 
plots with no-tillage had more deer feeding damage than those with conventional tillage 
(Figures 2.4 and 2.5). Methods to deter feeding from deer (fencing, foliar sprays and 
scents) were not successful in 2020. Soybean grain yield differed among treatments, but 
only as a result of differences in tillage practice (Table 2.10). Yield differences appear to 
be a result of deer damage throughout the growing season to no-tillage treatments 
compared with conventional tillage in 2020.  
Active Experiment 
  
 Results from this experiment show no significant differences in emergence, 
penetrometer readings, soybean growth parameters, or yield amongst treatments.  
Based on these results, it appears that the active downforce system maintains appropriate 
force to ensure uniform seeding depth while reducing over application of downforce. 
Because these treatments were limited to rates of 22.7, 45.4, 68.04, and 90.7 kg of 
downforce, we hypothesize that using rates within this range adequately overcame soil 
resistance and allowed for optimal seeding depth. Proper downforce is needed to 
appropriately place seeds at the desired seeding depth, but the rate at which the 
downforce needs to be applied can vary. Based on these results no agronomic or 
economic recommendation can be made for an active downforce rate in soybean. 
Although no differences were found among treatments, continued research is needed to 
determine if active downforce has benefits to soybean farmers in South Carolina in 




 Based on these data, heavy clay texture soils require a greater downforce (> 68.04 
kg) to optimize timely emergence in soybean. These data also suggest that, to optimize 
soybean emergence in lighter sandy textured soils, downforce rate should not exceed 90.7 
kg. Similarly, seeding depth fluctuates with the amount of downforce that is being 
applied in Coastal Plain soils. Lighter downforce rates can cause soybean seeds to be 
placed shallower than the targeted seeding depth resulting in poor emergence. Farmers 
using conventional tillage or strip-tillage should be cautious when using heavier 
downforce rates in sandy textured soils as the data in the research experiment showed 
increased compaction as downforce increased. Whereas, applying too much downforce 
can result in placing the seeds deeper than the desired seeding depth also resulting in 
lower emergence. Significant yield differences were observed only at PREC where tillage 
type influenced deer feeding. This research suggests that planting soybean at differing 
downforce rates does not provide an agronomic or economic benefit over using the 
consistent weight of the row unit itself. With no additional gain in soybean grain yield 
due to downforce technology, there is no return on investment for farmers adopting or 
purchasing these technologies when used in similar soils, locations, or practices. 
Although no significant differences in yield were observed in soybean to provide a return 
on investment in South Carolina, farmers may find other benefits or scenarios for 
adopting planter downforce technologies that have a return on investment.   

















Table 2.1 Planting and harvest dates for field trials using static and active downforce 
applied to planter row units at EREC in Blackville and PREC in Pendleton, SC, 
during 2019 and 2020. 
Location Year Planting Date Harvest Date 
Blackville Static a 2019 28 May 7 November 
Blackville Static b 2019 26 June 11 November 
Blackville Active 2019 28 May 6 November 
Pendleton Static 2019 15 June 20 November 
Pendleton Active 2019 15 June 20 November 
Blackville Static 2020 5 June 3 November 
Blackville Active 2020 8 June 6 November 
Pendleton Static 2020 14 July 17 November 
Pendleton Active 2020 14 July NA 
a Field CllB, static downforce experiment at the EREC location.  
b Field C5 static downforce experiment at the EREC location.  
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Table 2.2. Various treatment settings for tillage strategy, gauge wheel type, and static 
downforce applied to planter row units for soybean planted at EREC in Blackville and 
PREC in Pendleton, SC, during 2019 and 2020. 
Treatment Tillagea Gauge-wheel (cm) Downforce (kg) 
1 Conventional Narrow (5.08) 0.0 
2 Conventional Narrow (5.08) 22.7 
3 Conventional Narrow (5.08) 45.4 
4 Conventional Narrow (5.08) 68.04 
5 Conventional Narrow (5.08) 90.7 
6 Conventional Narrow (5.08) 113.4 
7 Conventional Narrow (5.08) 136.1 
8 Conventional Single (10.16) 0.0 
9 Conventional Single (10.16) 22.7 
10 Conventional Single (10.16) 45.4 
11 Conventional Single (10.16) 68.04 
12 Conventional Single (10.16) 90.7 
13 Conventional Single (10.16) 113.4 
14 Conventional Single (10.16) 136.1 
15 Strip-tillage/No-till Narrow (5.08) 0.0 
16 Strip-tillage/No-till Narrow (5.08) 22.7 
17 Strip-tillage/No-till Narrow (5.08) 45.4 
18 Strip-tillage/No-till Narrow (5.08) 68.04 
19 Strip-tillage/No-till Narrow (5.08) 90.7 
20 Strip-tillage/No-till Narrow (5.08) 113.4 
21 Strip-tillage/No-till Narrow (5.08) 136.1 
22 Strip-tillage/No-till Single (10.16) 0.0 
23 Strip-tillage/No-till Single (10.16) 22.7 
24 Strip-tillage/No-till Single (10.16) 45.4 
25 Strip-tillage/No-till Single (10.16) 68.04 
26 Strip-tillage/No-till Single (10.16) 90.7 
27 Strip-tillage/No-till Single (10.16) 113.4 
28 Strip-tillage/No-till Single (10.16) 136.1 
a Tillage type altered depending on location, with conventional/strip-tillage at EREC in 





















Table 2.3. Various treatment settings for tillage strategy, gauge wheel type, and active 
downforce applied to planter row units for soybean planted at EREC in Blackville and 
PREC in Pendleton, SC, during 2019 and 2020. 
Treatment Tillagea Gauge-wheel (cm) Downforce (kg) 
1 Strip-tillage/No-till Normal (10.16) 22.7 
2 Strip-tillage/No-till Normal (10.16) 45.4 
3 Strip-tillage/No-till Normal (10.16) 68.04 
4 Strip-tillage/No-till Normal (10.16) 96.3 
a Tillage type altered depending on location, with conventional/strip-tillage at EREC in 
Blackville and conventional/no-tillage at PREC in Pendleton, SC. 
Table 2.4. Average temperatures a and rainfall totals c for EREC in Blackville and 




Temperature ̊ C b 
Minimum Average 




Blackville 27.8 15.9 66.1 
Pendleton 27.4 16.6 64.9 
 –––––––––––––––––––––––2020––––––––––––––––––––––– 
Blackville 26.9 16.2 100.4 
Pendleton 26.4 15.5 106.9 
a Temperature and rainfall data from Edisto REC Weather Data from Clemson 
Cooperative Extension Services 
b Average daily maximum and minimum temperature during growing season (March-
November) 




Figure 2.5. Average planted depth of soybean seed with varying tillage, 
gauge wheel type, and increasing downforce on planter units at EREC in 
Blackville, SC, during 2019. 





Conventional Narrow  136.1 3.45 a 
Conventional Normal  90.7 3.33 ab 
Conventional Narrow 113.4 3.31 ab 
Conventional Normal 136.1 3.25 abc 
Strip-tillage Normal 113.4 3.19 abcd 
Conventional Normal 45.4 3.19 abcd 
Strip-tillage Normal 136.1 3.19 abcd 
Conventional Normal 68.0 3.17 abcd 
Strip-tillage Narrow 136.1 3.17 abcd 
Strip-tillage Narrow 90.7 3.16 abcd 
Conventional Narrow 45.4 3.11 abcd 
Conventional Narrow 90.7 3.09 abcd 
Strip-tillage Narrow 113.4 3.09 abcd 
Strip-tillage Normal 90.7 3.08 abcd 
Conventional Narrow 0.0 3.05 abcd 
Conventional Normal 0.0 3.03 abcd 
Strip-tillage Narrow 45.4 2.97 bdec 
Conventional Normal 22.7 2.94 bdec 
Conventional Normal 113.4 2.92 fbdec 
Strip-tillage Normal 68.0 2.91 fbdec 
Strip-tillage Normal 0.0 2.80 fdec 
Conventional Narrow 68.0 2.78 fdec 
Strip-tillage Narrow 68.0 2.77 fde 
Strip-tillage Normal 45.4 2.75 fgde 
Conventional Narrow 22.7 2.73 fgde 
Strip-tillage Normal 22.7 2.55 fge 
Strip-tillage Narrow 22.7 2.45 fg 
Strip-tillage Narrow 0.0 2.29 g 
P value <0.0001 
a Means followed by the same lowercase letter are not significantly different 







Table 2.6. Average planted depth of soybean seed with increasing downforce on 
planter units at EREC and PREC in Blackville and Pendleton, SC, respectively, during 
2019 and 2020. 
 –––––––––Seed deptha––––––––– 
Downforce 2019 2020 
0.0 kg 2.79 cd 3.69 b 
22.7 kg 2.67 d 3.71 b 
45.4 kg 3.00 bc 3.84 ab 
68.0 kg 2.91 bcd 4.05 a 
90.7 kg 3.16 ab 3.85 ab 
113.4 kg 3.13 ab 3.87 ab 
136.1 kg 3.27 a 3.77 ab 
P value <0.0001 0.2539 










Table 2.7. Average penetrometer readings as affected by tillage, gauge-wheel, and 
downforce in planted soybeans at EREC in Blackville and PREC in Pendleton, SC, 
during 2019 and 2020. 
Location  Soil Compaction (psi)a P valuesb 
EREC 81.02 <0.0001 
PREC 325.31   0.9443 
a Average penetrometer readings across treatments at both locations across 2019 and 
2020. 







Table 2.8. Analysis of variance P values for emergence counts, penetrometer readings, soybean growth parameters, and yield as affected by 
tillage x gauge-wheel x downforce at EREC in Blackville and PREC in Pendleton, SC, in 2019 and 2020. 
Location EM_Aa EM_Bb EM_Cc EM_Dd EM_Ee PENEf HT_Ag HT_Bh HT_Hi NO_Hj Depthk Yieldl 
Blackville 0.9981 0.4083 0.9606 0.3133 0.0241* <0.0001* 1.0000 0.8410 0.3990 0.5190 <0.0006* 0.9853 
Pendleton 0.8219 0.0011* <0.0001* 0.0017* NA 0.9443 0.0007* NA 1.0000 0.0024* NA <0.0001* 
a Emergence counts 1st day of emergence 
b Emergence counts two days after emergence 
c Emergence counts three days after emergence 
d Emergence counts four days after emergence 
e Emergence counts two weeks after emergence 
f Penetrometer readings 
g Plant heights two weeks after emergence 
h Plant heights mid growing season 
i Plant heights at harvest 
j Node count at harvest 
k Seed depth 
l Soybean grain yield 
































Table 2.10. Analysis of variance P values of soybean grain yield as affected by tillage, 








Tillage (TL) 1 <0.0001  
Gauge-wheel (GW) 1   0.9865  
Downforce (DF) 6   0.0889  
TL x GW x DF 27 <0.0001  
a Degrees of freedom. 




Table 2.9. Average number of emerged soybean plants at 2 DAEa with increasing 
downforce on planter units at EREC in Blackville, SC, during 2019 and 2020. 
Downforce 
(kg) 
# of plants in 16.4 m of rowb 
0.0 10.8 ab 
22.7 8.2 ab 
45.4 12.0 a 
68.04 8.2 ab 
90.7 7.1 bc 
113.4 6.8 bc 
136.1 5.3 c 
P values 0.0103 
a Days after detection of initial emerged soybean plant. 

































Figure 2.2. Placement of the penetrometer adjacent to the furrow to test for sidewall 







Figure 2.3. Comparison of a lighter downforce rate (left) after planting vs. a heavier downforce rate 




Figure 2.4. Deer feeding injury to soybean plants in the pod-filling stage that 





Figure 2.5. Deer feeding injury to soybean plants in the pod-filling stage that 





EFFICACY OF PESTICIDES USED IN COTTON [Gossypium hirsutum (L.)] WHEN 


































With fewer agrichemical compounds and molecules being discovered by private 
industry, new innovative ways of using current modes of action and application 
technologies are not only necessary, but imperative to maintain and improve our pest 
management strategies in South Carolina. This research was conducted between 2019 and 
2020 at the Edisto Research and Education Center in Blackville, SC. The objective of this 
research project was to determine if the effect of sprayer droplet size (150-900 µm) has 
an impact on the efficacy of insecticides used to control tobacco thrips, Frankliniella 
fusca (Hinds), in cotton, Gossypium hirsutum (L.). Three separate fields were used, 
where 1-2 leaf cotton was sprayed with Orthene 97SG (Acephate) applied at a rate of 197 
g ai ha-1 targeting thrips. Treatments consisted of 150, 300, 450, 600, 750, and 900 µm 
droplets. A Mudmaster plot sprayer (Bowman Manufacturing, Newport, AR) equipped 
with Capstan Ag Pinpoint II blended pulse width modulation (Capstan Ag Systems, Inc, 
Topeka, KS) was used to spray all treatments to ensure that target droplet size remained 
constant throughout application. In 2019, acephate applied at a droplet size of 450 
microns resulted in the greatest number of thrips on cotton 3 days after application 
(DAA) when compared with all other droplet sizes. Visual injury ratings 3 DAA were 
greater on cotton where acephate was applied at 300-micron droplets when compared 
with other droplet sizes. In 2020, acephate applied at a droplet size of 150 microns 
resulted in the lowest number of thrips on cotton 14 DAA when compared with all other 
droplet sizes. Even with significant differences in thrips counts among treatments during 
2019 and 2020 neither year resulted in yield differences between droplet size treatments 
 36 
or the untreated check. Based on these results, South Carolina cotton farmers may have 
more flexibility in nozzle selection and droplet size ranges when using acephate to 
effectively control thrips in cotton than previously thought.   
Introduction 
 In South Carolina, production of cotton, Gossypium hirsutum (L.), on 119,382 
harvested hectares in 2019 contributed 141 million dollars to the economy (NASS, 2020). 
Tobacco thrips, Frankliniella fusca (Hinds), is recognized as a consistent and predictable 
insect pest that infests more than 97 percent of cotton seedlings in the Southeast (Herbert 
et al., 2016). Thrips injury occurs from meristem feeding which can cause terminal 
malformation, abnormal growth, and ultimately complete termination of the cotton 
seedling terminal (Burris, 1989; Kerns et al., 2018). Even though cotton can tolerate 
some early season thrips pressure, previous research suggests that extreme thrips pressure 
can be detrimental to a cotton crop (Cook et al., 2011). Researchers in the Southeast 
found a 34 to 43% yield loss when thrips were not managed properly (Herbert et al., 
2016). Thrips have been controlled historically by in-furrow insecticides (liquid or 
granular), seed treatments, and the use of rescue treatments like foliar insecticides 
(acephate) (Greene et al., 2020). In recent history, resistance to neonicotinoid seed 
treatments throughout the United States Cotton Belt has resulted in farmers applying 1-2 
foliar applications for control of tobacco thrips (Huseth et al., 2016). Improper uptake of 
systemic insecticides due to unfavorable soil and weather conditions during pesticide 
application also calls for additional foliar treatments (Greene et al., 2020). 
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Several researchers have conducted research trials in order to determine the most 
appropriate droplet size for foliar insecticide applications. Historically, cotton farmers 
have used smaller droplet sizes when applying foliar insecticides to achieve better 
coverage than obtained with larger droplet sizes (Himel, 1969; Knoche, 1994; Ferguson 
et al., 2015). Reed and Smith (2001) found an increasing trend of pesticide efficacy in the 
midcanopy of a cotton plant when applying smaller droplet sizes to control tobacco 
budworm, Heliothis virescens (F.). However, the same researchers did not find any 
significant difference between droplet sizes at the upper- and mid-canopy levels the year 
before (Reed and Smith, 1999). A study in the mid-southern United States by Samples et 
al. (2020) found that thrips control was maximized three days after treatment by larger 
droplet sizes (300, 400, and 500 µm) when applying acephate. Further research is needed 
to determine the efficacy of a broad range of droplet sizes when applying acephate to 
control tobacco thrips in the Southeast.  
 Droplet size, however, impacts more than just pesticide efficacy. Spray drift has 
been a concern since chemical control methods were developed and adopted (Smith and 
Luttrell, 1997). Spray drift can be defined as “the movement of pesticide dust or droplets 
through the air at the time of application or soon after, to any site other than the area 
intended” (US EPA, 2020). Farmers are required to meet regulatory demands and use 
medium to coarse droplet sizes when applying certain herbicides (dicamba and 2,4-D) to 
reduce off-target drift (Butts et al., 2018). Previous research shows that increasing droplet 
size helps to limit potential off-target drift (Hewitt, 1997; Butts et al., 2019). New 
herbicide technologies often require the identification or development of additives and 
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adjuvants to reduce drift or enhance product efficacy (Bayer Crop Science, 2021). Klein 
et al. (2009) reported that droplet size could vary by as much as 75 microns depending 
upon the spray solution utilized. Therefore, altering pesticide spray solutions could 
inadvertently impact pesticide performance. 
Even though data suggest that different droplet sizes should be used for different 
pesticide categories, the likelihood of a farmer changing spray nozzles to alter droplet 
size for each product being applied is unlikely. A survey conducted by Bish and Bradley 
(2017) found that commercial and noncommercial applicators change spray nozzles 
between spray applications less than 50% of the time. Because farmers are required to 
reduce spray drift with herbicides by using larger droplet sizes, an objective of this 
research was to determine if droplet size (150-900 µm) had an impact on the efficacy of 
insecticides used to control tobacco thrips. With the possibility of farmers applying 
herbicides and insecticides concurrently, data on the effects of droplet size on insecticide 
efficacy are needed. 
Materials and Methods 
 This experiment was conducted at the Edisto Research and Education Center 
(EREC) in Blackville, SC, in 2019 and 2020. Blackville is located in the Coastal Plain of 
South Carolina, and the three cotton fields used in this research consisted of a Barnwell 
loamy sand (fine-loamy, kaolinitic, thermic Typic Kanhapludults) (USDA-NRCS, 2021). 
Replicated plots were arranged in a randomized complete block design, with four 
replications. At the 1-2 true leaf stage applications of acephate (Orthene® 97SG, 
AMVAC Chemical Corporation, Collierville, TN) at 197 g ai ha-1 were applied at droplet 
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sizes of 150, 300, 450, 600, 750, and 900 µm. An untreated check was included for 
comparison purposes. Acephate is a soluble organophosphate insecticide readily absorbed 
by plants (roots and foliage), providing contact and systemic control of feeding insects 
(AMVAC Chemical Corporation, 2021). All applications were made using a carrier 
volume of 93.5 L/ha of water. A Mudmaster plot sprayer equipped with Capstan Ag 
Pinpoint II blended pulse width modulation (PWM) system (Capstan Ag Systems, Inc. 
Topeka, KS) was used to spray all treatments (Figure 3.1). The addition of PWM allowed 
for rate to be maintained while keeping a constant boom pressure regardless of ground 
speed. This technology ensured that the targeted droplet size was applied uniformly for 
each treatment.  
 During both growing seasons, cotton without an insecticide seed treatment was 
planted to eliminate any other thrips control products. In 2019, Nexgen 3729 B2XF was 
planted on 10 May in Field 1. In 2020, Deltapine 1646 B2XF was planted on 5 June in 
Field 1 (C8B) and on 17 June in Field 2 (B6B). Research plots consisted of 8-rows with 
96 cm row spacing and were 15 m in length. Cotton was seeded at 111,197 seeds ha-1 at a 
depth of 2.5 cm. Plots were managed throughout the growing season (Table 3.1) based on 
recommendations from the South Carolina Cotton Grower’s Guide (Clemson University, 
2019).  
Prior to all insecticide applications, specific nozzle types and pressure settings 
were determined at the University of Nebraska Pesticide Application Technology (PAT) 
Lab in North Platte, NE. The PAT lab used a low speed wind tunnel equipped with a 
laser diffraction instrument to determine what nozzle type and pressure setting were 
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needed to achieve the desired droplet size. Once the appropriate nozzle type and pressure 
settings were matched, the PAT lab conducted a three-replication study to ensure that the 
desired droplet size was being achieved. Wilger spray tips (Wilger Inc., Lexington, TN) 
were used to apply the desired droplet size for each treatment (Table 3.2).  
 During the pesticide application process, spray cards made of water sensitive 
paper (Spraying Systems Co.®, Wheaton, IL) were placed on the ground in between the 
rows in each plot. After plots were sprayed, each spray card was collected separately, 
placed into pre-labeled bags, and taken to the lab for further analysis. After the spray 
cards dried, each card was scanned using an HP Scanjet 4850 scanner (HP Development 
Company, L.P, Spring, TX), and image files were then downloaded for further analysis. 
Droplet size data were analyzed using Spray Card Analyzer (Kirk, 2019) to quantify 
spray coverage and estimated mean droplet size from images.  
Thrips were sampled and injury rated at 3, 6, 9, and 12 days after application 
(DAA) in 2019 and 0, 3, 7, and 14 (DAA) in 2020. On each sampling date, 10 plants per 
plot were cut at the soil surface and placed carefully into pre-labeled jars filled with 70% 
isopropyl alcohol in 2019 or soapy water solution in 2020 (due to unavailability of 
alcohol). Jars were then taken to the Entomology lab at EREC for thrips counting. At the 
lab, jar contents were poured into a filtration flask with filter paper placed on top of each 
flask. Filter paper was then carefully transported to a dissecting microscope where thrips 
were counted as immatures or adults. On each sampling date and in each plot, seedling 
injury caused by thrips was visually rated on a 0-5 scale, where rating “0” indicated no 
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visible injury, and a rating of “5” indicated the terminal or plant was destroyed (Kerns et 
al. 2018).  
On each sample date, cotton growth stage (number of true leaves) was noted and 
plant heights were collected by measuring five plants from the ground to terminals 
randomly throughout each plot. Biomass samples were weighed after sampling for (wet) 
weights and taken to the dryer at the Edisto REC and dried and reweighed for (dry) 
weights. Cotton plant heights and number of nodes were recorded at first bloom and at 
harvest. During both growing seasons, five plants were randomly selected in each plot to 
be measured for plant heights and number of mainstem nodes recorded.  
All plots were harvested using a 4-row John Deere 9986 spindle type cotton 
picker modified for small-plot research. Prior to plots being harvested, 25 bolls were 
hand harvested and ginned using an 8-saw laboratory gin. Gin turnout was calculated by 
dividing the lint weight of each sample by the seed cotton weight of each sample and 
multiplying by 100. Gin turnout was then used to calculate total lint yield for all plots in 
2019 and 2020. All data were subjected to analysis of variance using the PROC 
GLIMMIX procedure in SAS 9.4 (SAS Institute, 2013) and means were separated using 
multiple pairwise t-tests at α = 0.05. Random effects consisted of field and replication 
and fixed effects consisted of droplet size.  
Results and Discussion 
 Weather conditions between the 2019 and 2020 growing seasons were drastically 
different. Rainfall was limited in 2019, with only 66.1 cm of rain as compared to 100.4 
cm of rain in 2020 (Table 3.3). In 2019, thrips pressure was seemingly high due to the 
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prolonged dry weather and high temperatures experienced in May. Data were analyzed 
separately for each field, as densities of and injury from thrips were significantly different 
by individual fields in 2019 and 2020.  
Thrips Counts 
 In 2019, significant differences in thrips counts were observed at 3, 9, and 12 
DAA among droplet size treatments and with the untreated control (Table 3.4). At 3 
DAA thrips counts ranged from 14-103 thrips per 10 plants (Table 3.4). Acephate applied 
at a droplet size of 450 microns resulted in a greater number of thrips on cotton 3 DAA 
compared with all other droplet sizes (Table 3.4). These findings disagree with Samples 
et al. (2020), who found a decrease in the number of thrips when acephate was applied at 
a 0.28 kg ai ha-1 using a 400 µm droplet size. In 2019, thrips pressure peaked in the 
untreated control at 9 DAA, and acephate applied at all droplet sizes statistically reduced 
thrips densities (Table 3.4) as compared to the untreated control. In 2020, there were no 
significant differences in thrips counts between all treatments, including the untreated 
control in Field 1 (Table 3.5). Whereas, the later planting date, Field 2, showed 
significant differences in thrips counts at 14 DAA when comparing the untreated control 
to all droplet sizes (P value = <0.0001). Acephate applied at 150 µm spray droplet size 
resulted in the greatest control of thrips at 14 DAA (Table 3.5). These results are similar 
to the findings of Reed and Smith (2001) and Sumner et al. (2000) who found that using 
smaller droplet sizes increased the coverage and provided better control as compared with 
larger droplet sizes.  
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Visual Injury Ratings 
Visual injury ratings were generally reduced in treatments with any droplet size of 
acephate when compared with the untreated control across all tests (Tables 3.6 and 3.7). 
In 2019, injury ratings at 3, 9, and 12 DAA were significantly lower in most droplet size 
treatments when compared with the untreated control. At 9 DAA, injury ratings in 
sprayed treatments were all numerically lower than the untreated control, and 67% of the 
sprayed treatments had injury ratings statistically lower than the untreated control (Table 
3.6). In 2020, there were no statistical differences in injury ratings at 0 and 3 DAA in 
Field 1 (Table 3.7) or on any sample date in Field 2 (data not shown). In Field 1, the 
highest visual injury ratings were observed in the untreated control plots, and the lowest 
levels of feeding injury were detected with the 600 and 900 µm droplet sizes on 7 and 14 
DAA, respectively (Table 3.7). 
Spray Card Results 
 Data from water-sensitive paper (Figure 3.2) placed in each plot for analysis of 
spray coverage and mean droplet size diameter indicated as droplet size increased, 
percent coverage decreased (Table 3.8). Plots sprayed with a 150 µm droplet size 
provided 53.6% coverage, whereas plots sprayed at 900 µm droplet size resulted in only 
21.1% coverage when applying acephate to seedling cotton to control tobacco thrips 
(Table 3.8). Mean droplet size captured on spray cards confirmed that droplet size did 
increase with targeted sizes, but the observed droplet sizes were much greater than the 
targeted droplet sizes (Table 3.8). At the PAT lab in Nebraska, droplet sizes were 
measured using a laser diffraction instrument measuring droplet sizes while they were 
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suspended in the air (PAT Lab, 2020). Droplets measured using spray cards were 
measured after the spray droplet had made contact with the spray card, resulting in a 
spread of solution and a larger diameter than what the spray droplet would be in the air. 
Therefore, mean droplet size observed did increase as the application of larger droplet 
sizes were applied (Table 3.8).  
Cotton Growth Parameters 
 Spray droplet size affected cotton growth parameters only in 2020 at Field 1 (3.9). 
The number of nodes present at harvest varied by droplet size at Field 1 in 2020 (Table 
3.9). Number of nodes ranged from 14.9 to 16.3 with a spray droplet size of 300 µm 
resulting in the greatest number of nodes per plant. Cotton plants that received 300 µm 
droplet size at application had 9 % greater nodes at harvest (Table 3.9). With limited 
differences in biomass, plant heights, total nodes, and nodes above white flower counts it 
is suggested that different droplet sizes have little effect on cotton growth parameters 
when applying acephate to control thrips.  
Yield 
In 2019 and 2020, no significant differences were observed in cotton lint yield 
when compared between all droplet sizes and the untreated control. Cotton lint yield 
differed between years, with average overall cotton lint yield being greater in 2019 than 
in 2020 (Table 3.10). Though no significant differences were observed between droplet 
size treatments and the untreated check, trends in cotton lint yield were observed at all 
fields during this experiment. Cotton lint yield ranged from 1131 kg ha -1 to 1325 kg ha-1 
in 2019 and 628 kg ha -1 to 1079 kg ha -1 at Field 1 and 670 kg ha-1 to 885 kg ha-1 at Field 
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2 in 2020 (Table 3.10). Cotton lint yield for the 900 µm droplet size in 2019 and Field 1 
in 2020 was the highest as compared with all other treatments (Table 3.10).These results 
are similar to those found by Samples et al. (2020), who showed that cotton lint yield was 
maximized when acephate was applied at a 500 µm droplet size, which was the largest 
droplet size used in their experiment. Data from this research suggest that acephate 
applied at 197 g ai ha-1 was enough to suppress thrips and prevent any yield loss 
regardless of droplet size. 
Conclusion 
 The results of spray droplet size did not provide a yield benefit from applying 
acephate at a specific droplet size to seedling cotton to control tobacco thrips. Results 
suggest that for acephate rates and other factors similar to those seen in this study, 
farmers can apply a wide range of droplet sizes when using acephate to control tobacco 
thrips in cotton without adverse yield effects.  
Application of acephate with any droplet size resulted in reduction of thrips as 
compared with the untreated control. This suggests that South Carolina farmers may have 
more flexibility in nozzle selection and droplet size ranges when using acephate to 
control thrips in cotton. This may allow a farmer to use the larger droplet sizes required 
for the application of restrictive herbicides and still achieve acceptable levels of tobacco 
thrips control. By making one spray pass throughout a field to control weeds and thrips, 
farmers can reduce overall sprayer application costs compared to individual trips to 
control each pest category. Continued research on application technologies, droplet size, 
and the efficacy of products is needed to provide South Carolina cotton farmers an 
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accurate recommendation when applying multiple pesticides to control various pests. 
Future research is needed to determine if droplet size affects tobacco thrips control at 
reduced rates of acephate, along with control of other arthropod pests when pesticides are 






















Table 3.2. Nozzle type and pressure settings for spray droplet size treatments at EREC 
in Blackville, SC, in 2019 and 2020. 
Targeted Droplet size 
(µm) 
Nozzle Typea Pressure settingb  
(psi) 
150 ER11002 70 
300 SR11003 50 
450 MR1105 40 
600 MR11008 32 
750 UR11004 40 
900 UR11006 32 
a Wilger spray nozzles were used for this experiment to achieve the desire droplet size. 






Table 3.1.  Planting, spray application, and harvest dates for cotton field trials on spray 
droplet size conducted at EREC in Blackville, SC, in 2019 and 2020. 
 




EREC May 10 May 28 November 11 
 –––––––––––––––––––––––2020––––––––––––––––––––––– 
EREC Field 1 May 12 June 6 October 15 
EREC Field 2 May 23 June 17 November 19 




Table 3.4. Thrips densities on cotton plants each day after application (DAA) for 
droplet size treatments and an untreated control at EREC in Blackville, SC, in 2019. 
 ––––––––––––––––––Field 1––––––––––––––––– 
Source of variation Total # of thrips/10 plants 
Droplet size (µm) 3 DAA 6 DAA 9 DAA 12 DAA 
Untreated 103.0 aa 123.3 a 41.5 a 17.0 a 
150 14.0 c 69.5 a 10.0 b 5.3 b 
300 44.0 bc 119.8 a 13.8 b 8.3 ab 
450 71.3 ab 45.3 a 8.8 b 10.5 ab 
600 20.8 c 60.3 a 16.5 b 3.0 b 
750 25.8 c 108.5 a 11.5 b 8.5 b 
900 27.0 c 105.3 a 14.8 b 7.8 ab 
P values 0.0001b 0.6087 0.0006 0.1597 
a Means within a column followed by the same letter are not significantly different at α 
= 0.05. 





Table 3.3. Average daily maximum and minimum temperatures and rainfall totalsa for 




Temperature ̊ C  
Minimum Average 




EREC 27.8 15.9 66.1 
 –––––––––––––––––––––––2020––––––––––––––––––––––– 
EREC 26.9 16.2 100.4 
a Temperature and rainfall data from Edisto REC Weather Data from Clemson 
Cooperative Extension Services 
b Growing season (March-November) 
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Table 3.5. Thrips densities on cotton plants each day after application (DAA) for droplet 
size treatments and an untreated control at EREC in Blackville, SC, in 2020. 
Droplet 
size (µm) 
––––––––––Field 1–––––––––––– –––––––––––Field 2––––––––––– 
0DAA 3DAA 7DAA 14DAA 0DAA 3DAA 7DAA 14DAA 
Untreated 52.5 aa 10.5 a 6.8 a 5.3 a 71.5 a -- 30.0 a 12.3 a 
150 70.5 a 17.5 a 7.3 a 6.5 a 56.0 a -- 6.3 b 1.0 c 
300 62.0 a 16.5 a 7.0 a 7.0 a 79.0 a -- 15.8 ab 5.8 b 
450 82.8 a 8.3 a 7.0 a 4.0 a 50.8 a -- 10.8 a 3.0 bc 
600 86.1 a 13.3 a 5.0 a 3.5 a 47.8 a -- 13.5 ab 3.5 bc 
750 92.3 a 8.8 a 5.0 a 7.0 a 55.0 a -- 8.0 b 3.3 bc 
900 91.8 a 14.5 a 3.8 a 5.0 a 77.8 a -- 23.0 ab 2.3 c 
P values 0.1956b 0.7004 0.8762 0.7452 0.8912 -- 0.1816 <0.0001 
a Means within a column followed by the same letter are not significantly different at α = 
0.05. 
b P values were obtained from ANOVA table in output of SAS using PROC GLIMMIX 
procedure. 
 
Table 3.6. Visual injury ratings of thrips feeding damage on cotton plants on days after 
application (DAA) of acephate date for all droplet size treatments and an untreated 
check at EREC in Blackville, SC, in 2019. 
 –––––––––––––––––Field 1––––––––––––––––– 
Source of variation Visual injury ratings on a scale of “0-5”a 
Droplet size (µm) 3 DAA 6 DAA 9 DAA 12 DAA 
Untreated 2.5 abb 3.5 a 4.0 a 4.1 a 
150 2.0 b 3.3 a 2.8 c 3.1 b 
300 2.8 a 3.5 a 3.5 ab 3.1 b 
450 2.0 b 3.5 a 3.5 ab 3.5 b 
600 2.0 b 3.3 a 3.3 bc 3.4 b 
750 2.5 ab 3.3 a 3.3 bc 3.3 b 
900 2.0 b 3.0 a 2.8 c 3.4 b 
P values 0.0262c 0.8602 0.0199 0.0246 
a Scale of injury “0” = no damage; “5” = dead terminals or plants. 
b Means within a column followed by the same letter are not significantly different at α 
= 0.05. 





Table 3.8. Percent coverage and mean droplet size for spray cards averaged across both 
site years at EREC in Blackville, SC, in 2019 and 2020. 
Droplet size (µm)  Coverage (%) Observed Mean Droplet Size 
(µm) 
150 53.6 aa 772.9 c  
300 40.7 b 794.4 c 
450 31.3 c 1000.4 bc 
600 30.5 c 1164.1 ab 
750   24.7 cd  1272.2 a 
900 21.1 d 1367.2 a 
P values <0.0001b <0.0001 
a Means within a column followed by the same letter are not significantly different at α 
= 0.05. 




Table 3.7. Visual injury ratings of thrips feeding damage on cotton plants on days after 
application (DAA) of acephate date for all droplet size treatments and an untreated 
check at EREC in Blackville, SC, in 2020. 
 ––––––––––––––––Field 1––––––––––––––––– 
Source of variation Visual injury ratings on a scale of “0-5”a 
Droplet size (µm) 0 DAA 3 DAA 7 DAA 14 DAA 
Untreated 3.5 ab 2.8 a 3.3 a 2.8 a 
150 3.3 a 2.8 a 2.5 ab 1.3 bc 
300 3.5 a 2.8 a 3.0 ab 1.5 bc 
450 3.5 a 3.0 a 2.5 ab 2.0 ab 
600 3.5 a 2.5 a 2.3 b 1.5 bc 
750 3.3 a 2.5 a 3.0 ab 1.8 bc 
900 3.5 a 2.8 a 2.5 ab 1.0 c 
P values 0.9758c 0.9014 0.3230 0.0246 
a Scale of injury “0” = no damage; “5” = dead terminals or plants. 
b Means within a column followed by the same letter are not significantly different at α 
= 0.05. 
c P values were obtained from ANOVA table in output of SAS using PROC GLIMMIX 
procedure. 
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Table 3.9. Total nodes at harvest when compared across all droplet sizes at Field 1 
at EREC in Blackville, SC, in 2020. 
Droplet size (µm)  Mainstem Nodes at Harvest 
150 16.1 aba 
300 16.3 a 
450 15.4 bc 
600 15.3 bc 
750 14.9 c 
900 15.2 c 
P values 0.0249b 
a Means within a column followed by the same letter are not significantly different 
at α = 0.05. 




Table 3.10. Cotton lint yield (kg ha -1) for spray droplet size field trials at EREC in 
Blackville, SC, in 2019 and 2020. 
 2019 –––––––––––––––2020–––––––––––– 
Treatments ––––– Field 1 Field 2 
150 1218 aa 954 ab 754 a 
300 1206 a 849 ab 670 a 
450 1131 a 628 b 785 a 
600 1253 a 676 b 832 a 
750 1298 a 888 ab 885 a 
900 1325 a 1079 a 750 a 
Untreated 1211 a 910 ab 841 a 
P values 0.5604b 0.1838 0.8168 
a Means within a column followed by the same letter are not significantly different at α 
= 0.05. 























Figure 3.1. Mudmaster plot sprayer equipped with Pulse Width Modulation used during 
















Figure 3.2. Spray card results from acephate applications at 150, 300, 450, 600, 750, and 900 micron 






Data from these studies did not identify a specific agronomic downforce rate for 
planting or spray droplet size for spraying thrips on seedling cotton that farmers should 
use on their farms. However, South Carolina farmers may find other benefits or scenarios 
for adopting planter and sprayer technologies. In the downforce study, heavy clay texture 
soils required a greater downforce (> 68.04 kg) to optimize timely emergence in soybean. 
These data also suggested that downforce rate should not exceed 90.7 kg in lighter sandy 
textured soils to optimize emergence of soybeans. Similarly, seeding depth fluctuates 
with the amount of downforce that is being applied in Coastal Plain soils. Lighter 
downforce rates can cause soybean seeds to be placed shallower than the targeted seeding 
depth, resulting in poor emergence. Farmers using conventional tillage or strip-tillage 
should be cautious when using greater downforce rates in sandy textured soils as 
increased compaction can result as downforce is increased. Furthermore, applying too 
much downforce can result in placing the seeds deeper than the desired seeding depth 
also resulting in lower emergence. Significant yield differences were observed only at 
PREC, where tillage type influenced deer feeding. 
 In the spray droplet size study, results did not provide a yield benefit from 
applying acephate at a specific droplet size to cotton to control tobacco thrips. Results 
from this study suggest that farmers may be able to apply a wide range of droplet sizes 
when using acephate to control tobacco thrips in cotton without adverse yield effects. 
Application of acephate with any droplet size resulted in reduction of thrips as compared 
to the untreated check. This research suggests that South Carolina farmers may have 
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more flexibility in nozzle selection and droplet size ranges when using acephate to 
control thrips in cotton. This may allow a farmer to use the larger droplet sizes required 
for the application of restrictive herbicides and still achieve acceptable levels of tobacco 
thrips control. By making one spray pass throughout a field to control weeds and thrips, 
farmers can reduce overall sprayer application costs compared to individual trips to 
control each pest category. Continued research on application technologies, planter 
downforce and droplet size, is needed to provide South Carolina farmers with an accurate 











































































Static Downforce Experiment Emergence Counts 1 DAE at EREC 
Tillage Gauge Wheel Downforce (kg) # of plants in 1.5 m of row 
Strip-tillage Narrow 22.7 6.3 a 
Conventional Narrow 22.7 5.6 a 
Strip-tillage Narrow 0.0 5.0 a 
Strip-tillage Normal 22.7 4.9 a 
Conventional Narrow 45.4 4.8 a 
Conventional Narrow 68.0 4.6 a 
Strip-tillage Narrow 68.0 4.2 a 
Strip-tillage Narrow 45.4 4.1 a 
Conventional Normal 90.7 3.9 a 
Conventional Narrow 90.7 3.9 a 
Strip-tillage Normal 90.7 3.8 a 
Strip-tillage Narrow 90.7 3.7 a 
Conventional Normal 113.4 3.7 a 
Strip-tillage Normal 113.4 3.6 a 
Conventional Normal 0.0 3.4 a 
Conventional Normal 136.1 3.3 a 
Strip-tillage Normal 0.0 3.3 a 
Strip-tillage Normal 45.4 3.2 a 
Conventional Normal 22.7 3.2 a 
Conventional Normal 68.0 3.1 a 
Conventional Narrow 0.0 2.9 a 
Strip-tillage Narrow 113.4 2.9 a 
Conventional Narrow 136.1 2.9 a 
Conventional Narrow 113.4 2.7 a 
Conventional Normal 45.4 2.6 a 
Strip-tillage Normal 68 2.6 a 
Strip-tillage Narrow 136.1 1.9 a 
Strip-tillage Normal 136.1 1.6 a 






Static Downforce Experiment Emergence Counts 2 DAE at EREC 
Tillage Gauge Wheel Downforce (kg) # of plants in 1.5 m of row 
Conventional Normal 45.4 15.1 a 
Strip-tillage Normal 0.0 11.4 a 
Strip-tillage Narrow 22.7 10.7 a 
Conventional Narrow 0.0 10.7 a 
Conventional Normal 0.0 10.0 a 
Conventional Narrow 68.0 9.9 a 
Strip-tillage Normal 22.7 8.9 a 
Conventional Narrow 45.4 8.7 a 
Strip-tillage Narrow 45.4 8.6 a 
Strip-tillage Normal 45.4 8.5 a 
Conventional Normal 68 8.4 a 
Strip-tillage Narrow 0.0 8.2 a 
Strip-tillage Normal 68 8.1 a 
Conventional Normal 90.7 7.9 a 
Conventional Narrow 22.7 7.8 a 
Conventional Normal 113.4 7.7 a 
Conventional Normal 22.7 7.3 a 
Conventional Narrow 90.7 6.9 a 
Strip-tillage Narrow 136.1 6.7 a 
Conventional Normal 136.1 6.4 a 
Strip-tillage Narrow 113.4 6.1 a 
Strip-tillage Normal 113.4 6.1 a 
Conventional Narrow 113.4 6.1 a 
Strip-tillage Narrow 68.0 5.9 a 
Strip-tillage Normal 90.7 5.8 a 
Strip-tillage Narrow 90.7 5.3 a 
Conventional Narrow 136.1 5.0 a 
Strip-tillage Normal 136.1 4.3 a 






Static Downforce Experiment Emergence Counts 3 DAE at EREC 
Tillage Gauge Wheel Downforce (kg) # of plants in 1.5 m of row 
Conventional Normal 45.4 23.0 a 
Conventional Normal 0.0 21.2 a 
Conventional Normal 90.7 21.1 a 
Strip-tillage Normal 0.0 20.8 a 
Strip-tillage Narrow 22.7 20.7 a 
Conventional Narrow 68.0 20.7 a 
Conventional Narrow 45.4 20.3 a 
Strip-tillage Normal 113.4 19.7 a 
Conventional Normal 68.0 19.3 a 
Conventional Normal 113.4 19.1 a 
Strip-tillage Narrow 45.4 19.1 a 
Strip-tillage Normal 45.4 19.1 a 
Conventional Narrow 0.0 18.8 a 
Strip-tillage Normal 68.0 18.8 a 
Strip-tillage Normal 22.7 18.5 a 
Conventional Normal 22.7 18.0 a 
Strip-tillage Narrow 0.0 18.0 a 
Strip-tillage Narrow 68.0 17.8 a 
Conventional Normal 136.1 17.7 a 
Conventional Narrow 22.7 17.4 a 
Strip-tillage Normal 136.1 17.3 a 
Strip-tillage Normal 90.7 17.3 a 
Strip-tillage Narrow 90.7 17.3 a 
Conventional Narrow 90.7 16.9 a 
Conventional Narrow 113.4 16.8 a 
Strip-tillage Narrow 136.1 16.5 a 
Strip-tillage Narrow 113.4 16.2 a 
Conventional Narrow 136.1 15.6 a 






Static Downforce Experiment Emergence Counts 4 DAE at EREC  
Tillage Gauge-wheel Downforce (kg) # of plants in 1.5 m of row 
Conventional Normal 45.4 26.3 a 
Conventional Normal 0.0 25.9 a 
Conventional Normal 90.7 25.5 a 
Strip-tillage Normal 45.4 24.2 a 
Strip-tillage Normal 0.0 24.0 a 
Strip-tillage Normal 68.0 23.9 a 
Strip-tillage Normal 113.4 23.3 a 
Conventional Normal 22.7 23.2 a 
Conventional Normal 113.4 23.1 a 
Conventional Normal 68.0 22.5 a 
Conventional Narrow 38.0 22.2 a 
Strip-tillage Narrow 45.4 22.0 a 
Conventional Normal 136.1 21.9 a 
Strip-tillage Narrow 68.0 21.5 a 
Strip-tillage Narrow 0.0 21.5 a 
Strip-tillage Narrow 22.7 21.2 a 
Conventional Narrow 45.4 20.7 a 
Strip-tillage Normal 136.1 20.7 a 
Strip-tillage Normal 22.7 20.4 a 
Conventional Narrow 0.0 20.3 a 
Strip-tillage Narrow 136.1 19.8 a 
Conventional Narrow 22.7 19.3 a 
Conventional Narrow 113.4 18.0 a 
Strip-tillage Narrow 113.4 17.5 a 
Conventional Narrow 136.1 16.9 a 
Strip-tillage Normal 90.7 16.7 a 
Conventional Narrow 90.7 16.4 a 
Strip-tillage Narrow 90.7 15.8 a 













Static Downforce Experiment Emergence Counts 2 WAE at EREC 
Tillage Gauge-wheel Downforce (kg) # of plants in 1.5 m of row 
Conventional Normal 22.7 29.1 a 
Conventional Normal 0.0 28.3 ab 
Conventional Normal 90.7 27.5 abc 
Conventional Normal 113.4 27.4 abcd 
Strip-tillage Narrow 0.0 27.4 abcd 
Conventional Normal 45.4 27.3 abcd 
Strip-tillage Normal 22.7 27.0 abcd 
Conventional Normal 68.0 26.9 abcd 
Strip-tillage Normal 0.0 26.3 abcde 
Strip-tillage Normal 68.0 26.3 abcde 
Strip-tillage Normal 136.1 26.2 abcde 
Strip-tillage Narrow 22.7 26.2 abcde 
Strip-tillage Narrow 45.4 26.1 abcde 
Strip-tillage Normal 90.7 25.7 abcdef 
Strip-tillage Normal 113.4 25.7 abcdef 
Strip-tillage Normal 45.4 25.6 abcdef 
Conventional Narrow 0.0 24.3 abcdef 
Strip-tillage Narrow 68.0 24.0 abcdef 
Conventional Narrow 68.0 23.9 abcdef 
Conventional Normal 136.1 23.7 bcdef 
Conventional Narrow 22.7 23.1 edcf 
Conventional Narrow 45.4 23.0 edcf 
Conventional Narrow 136.1 22.6 edf 
Strip-tillage Narrow 136.1 22.5 edf 
Strip-tillage Narrow 113.4 21.9 ef 
Strip-tillage Narrow 90.7 21.5 ef 
Conventional Narrow 113.4 21.2 f 
Conventional Narrow 90.7 21.1 f 













Static Downforce Experiment Penetrometer Readings (psi) at EREC 
Tillage Gauge-wheel Downforce (kg) Soil Compaction (psi) 
Conventional Normal 136.1 105.6 a 
Conventional Narrow 136.1 98.0 ab 
Conventional Narrow 113.4 92.7 abc 
Conventional Normal 68.0 92.2 abcd 
Conventional Narrow 90.7 86.7 bcde 
Conventional Normal 90.7 86.2 bcde 
Conventional Normal 45.4 85.1 bcdef 
Conventional Narrow 68.0 84.6 bcdefg 
Conventional Narrow 45.4 81.6 bcdefgh 
Strip-tillage Narrow 136.1 81.6 bcdefgh 
Conventional Normal 113.4 80.3 bcdefghi 
Strip-tillage Normal 136.1 77.7 cdefghi 
Strip-tillage Narrow 113.4 77.4 cdefghi 
Strip-tillage Normal 113.4 77.3 cdefghi 
Conventional Normal 22.7 76.5 cdefghi 
Conventional Normal 0.0 74.1 defghi 
Strip-tillage Narrow 90.7 73.7 defghi 
Strip-tillage Normal 68.0 73.1 efghi 
Conventional Narrow 22.7 72.7 efghi 
Strip-tillage Narrow 68.0 71.3 efghi 
Conventional Narrow 0.0 69.7 efghi 
Strip-tillage Normal 45.4 68.9 efghi 
Strip-tillage Normal 90.7 67.7 fghi 
Strip-tillage Narrow 22.7 67.3 ghi 
Strip-tillage Narrow 45.4 66.0 hi 
Strip-tillage Normal 0.0 65.9 hi 
Strip-tillage Normal 22.7 65.8 hi 
Strip-tillage Narrow 0.0 61.9 i 












Static Downforce Experiment Soybean Grain Yield (kg/ha) at EREC 
Tillage Gauge-wheel Downforce (kg) Yield (kg/ha) 
Strip-tillage Normal 45.4 58.8 a 
Conventional Normal 45.4 58.8 a 
Conventional Normal 90.7 58.5 a 
Conventional Narrow 0.0 57.9 a 
Strip-tillage Normal 0.0 57.4 a 
Conventional Normal 0.0 56.8 a 
Conventional Narrow 68.0 56.7 a 
Strip-tillage Narrow 68.0 56.3 a 
Conventional Narrow 113.4 56.2 a 
Conventional Narrow 45.4 56.1 a 
Conventional Normal 136.1 55.8 a 
Strip-tillage Normal 22.7 55.4 a 
Strip-tillage Normal 113.4 55.3 a 
Conventional Normal 22.7 55.3 a 
Strip-tillage Narrow 45.4 55.1 a 
Strip-tillage Narrow 22.7 54.6 a 
Strip-tillage Narrow 90.7 53.9 a 
Strip-tillage Narrow 136.1 52.4 a 
Strip-tillage Normal 68.0 52.2 a 
Strip-tillage Normal 136.1 51.9 a 
Conventional Narrow 136.1 51.8 a 
Strip-tillage Narrow 0.0 51.3 a 
Strip-tillage Narrow 113.4 51.2 a 
Conventional Normal 68.0 51.2 a 
Conventional Narrow 22.7 50.9 a 
Conventional Narrow 90.7 49.2 a 
Conventional Normal 113.4 49.1 a 
Strip-tillage Normal 90.7 44.2 a 













Static Downforce Experiment Emergence Counts 1 DAE at PREC 
 
Tillage Gauge-wheel Downforce (kg) # of plants in 1.5 m of row 
Conventional Narrow 22.7 9.6 a 
No-tillage Normal 22.7 8.4 a 
Conventional Normal 0.0 7.7 a 
No-tillage Narrow 90.7 7.4 a 
No-tillage Normal 113.4 6.6 a 
Conventional Narrow 113.4 6.4 a 
Conventional Normal 68.0 6.4 a 
Conventional Normal 113.4 6.0 a 
No-tillage Narrow 68.0 6.0 a 
No-tillage Narrow 113.4 5.9 a 
No-tillage Narrow 45.4 5.9 a 
No-tillage Normal 136.1 5.7 a 
Conventional Normal 90.7 5.7 a 
No-tillage Normal 90.7 5.3 a 
Conventional Normal 136.1 5.1 a 
No-tillage Normal 68.0 5.1 a 
Conventional Narrow 90.7 4.9 a 
No-tillage Normal 0.0 4.4 a 
Conventional Normal 45.4 4.4 a 
Conventional Narrow 68.0 4.4 a 
Conventional Narrow 136.1 4.0 a 
Conventional Normal 22.7 3.8 a 
No-tillage Narrow 0.0 3.6 a 
No-tillage Narrow 136.1 3.6 a 
Conventional Narrow 0.0 3.4 a 
No-tillage Normal 45.4 2.7 a 
Conventional Narrow 45.4 2.6 a 
No-tillage Narrow 22.7 1.9 a 















Static Downforce Experiment Emergence Counts 2 DAE at PREC  
 
Tillage Gauge-wheel Downforce (kg) # of plants in 1.5 m of row 
     Conventional Narrow 136.1 21.6 a 
Conventional Narrow 22.7 21.5 a 
Conventional Narrow 113.4 21.4 a 
Conventional Normal 90.7 20.8 a 
Conventional Narrow 68.0 20.7 ab 
Conventional Narrow 90.7 20.7 ab 
Conventional Normal 68.0 20.7 ab 
Conventional Normal 0.0 20.6 ab 
No-tillage Narrow 90.7 20.2 ab 
No-tillage Normal 68.0 19.0 abc 
No-tillage Narrow 113.4 19.0 abc 
Conventional Normal 136.1 18.7 abc 
Conventional Normal 45.4 18.5 abc 
Conventional Normal 113.4 18.2 abc 
No-tillage Normal 113.4 17.9 abc 
Conventional Narrow 0.0 16.9 abc 
No-tillage Normal 136.1 16.6 abc 
No-tillage Normal 90.7 16.1 abcd 
No-tillage Narrow 68.0 16.0 abcd 
No-tillage Normal 22.7 15.3 abcd 
Conventional Narrow 45.4 15.1 abcd 
No-tillage Narrow 136.1 14.1 bcd 
No-tillage Normal 45.4 13.2 cd 
No-tillage Normal 0.0 13.1 cd 
No-tillage Narrow 45.4 12.4 cd 
Conventional Normal 22.7 12.2 cd 
No-tillage Narrow 0.0 9.7 d 
No-tillage Narrow 22.7 9.0 d 













Static Downforce Experiment Emergence Counts 3 DAE at PREC  
Tillage Gauge-wheel Downforce (kg) # of plants in 1.5 m of row 
Conventional Narrow 68.0 26.1 a 
Conventional Narrow 113.4 25.8 ab 
Conventional Narrow 136.1 24.5 abc 
No-tillage Narrow 90.7 24.0 abc 
Conventional Narrow 90.7 24.0 abc 
Conventional Normal 68.0 23.9 abc 
Conventional Normal 90.7 23.7 abc 
No-tillage Narrow 113.4 23.1 abc 
Conventional Normal 0.0 23.1 abc 
Conventional Narrow 22.7 23.1 abc 
No-tillage Normal 136.1 22.2 abcd 
Conventional Normal 136.1 21.7 abcd 
Conventional Normal 45.4 21.7 abcd 
No-tillage Normal 90.7 21.7 abcd 
No-tillage Normal 68.0 21.7 abcd 
Conventional Narrow 0.0 21.1 abcd 
No-tillage Normal 113.4 21.1 abcd 
No-tillage Narrow 68.0 20.4 abcde 
Conventional Normal 113.4 19.6 abcdef 
Conventional Narrow 45.4 19.0 bcdef 
No-tillage Narrow 136.1 18.6 cdef 
No-tillage Normal 22.7 17.4 cdefg 
No-tillage Normal 0.0 15.9 defg 
No-tillage Normal 45.4 15.6 defg 
No-tillage Narrow 45.4 13.6 efg 
Conventional Normal 22.7 13.3 efg 
No-tillage Narrow 0.0 12.7 fg 
No-tillage Narrow 22.7 11.5 g 












Static Downforce Experiment Emergence Counts 4 DAE at PREC 
Tillage Gauge-wheel Downforce (kg) # of plants in 1.5 m of row 
Conventional Narrow 113.4 27.0 a 
Conventional Narrow 136.1 26.7 a 
Conventional Narrow 22.7 25.8 ab 
Conventional Normal 90.7 25.4 ab 
No-tillage Normal 90.7 25.4 ab 
Conventional Narrow 90.7 25.1 ab 
No-tillage Narrow 90.7 25.1 ab 
Conventional Narrow 68.0 25.0 ab 
Conventional Normal 0.0 24.9 ab 
No-tillage Narrow 113.4 24.9 ab 
Conventional Normal 68.0 23.8 abc 
No-tillage Normal 113.4 23.4 abc 
Conventional Normal 45.4 23.0 abc 
No-tillage Normal 136.1 22.9 abc 
Conventional Normal 136.1 22.7 abcd 
Conventional Narrow 0.0 22.4 abcd 
No-tillage Normal 68.0 22.4 abcd 
Conventional Normal 113.4 22.1 abcd 
Conventional Narrow 45.4 21.2 abcde 
No-tillage Narrow 68.0 21.1 abcde 
No-tillage Narrow 136.1 20.5 abcdef 
No-tillage Normal 22.7 18.7 bcdef 
No-tillage Normal 45.4 17.2 cdef 
No-tillage Normal 0.0 16.8 cdef 
No-tillage Narrow 45.4 15.5 def 
Conventional Normal 22.7 14.9 def 
No-tillage Narrow 0.0 14.0 ef 
No-tillage Narrow 22.7 13.5 f 












Static Downforce Experiment Penetrometer Readings (psi) at PREC 
Tillage Gauge-wheel Downforce (kg) Soil Compaction (psi) 
No-tillage Narrow 45.4 403.9 a 
Conventional Normal 22.7 385.8 a 
Conventional Normal 45.4 374.9 a 
Conventional Normal 136.1 364.8 a 
Conventional Narrow 68.0 359.9 a 
Conventional Narrow 113.4 357.2 a 
Conventional Normal 0.0 355.3 a 
No-tillage Narrow 68.0 353.3 a 
No-tillage Narrow 136.1 348.9 a 
Conventional Normal 113.4 348.4 a 
Conventional Narrow 136.1 347.0 a 
Conventional Normal 68.0 336.1 a 
No-tillage Normal 22.7 330.0 a 
No-tillage Normal 113.4 323.7 a 
Conventional Normal 90.7 320.7 a 
No-tillage Narrow 113.4 317.6 a 
No-tillage Narrow 22.7 316.5 a 
Conventional Narrow 0.0 306.2 a 
Conventional Narrow 22.7 305.8 a 
Conventional Narrow 45.4 305.0 a 
No-tillage Normal 136.1 302.7 a 
Conventional Narrow 90.7 296.9 a 
No-tillage Normal 90.7 294.0 a 
No-tillage Narrow 0.0 290.6 a 
No-tillage Normal 68.0 280.0 a 
No-tillage Normal 45.4 269.1 a 
No-tillage Normal 0.0 264.1 a 
No-tillage Narrow 90.7 250.6 a 












Static Downforce Experiment Soybean Grain Yield (kg/ha) at PREC 
Tillage Gauge-wheel Downforce (kg) Soybean Grain Yield (kg/ha) 
Conventional Normal 0.0 18.2 a 
Conventional Narrow 45.4 15.7 ab 
Conventional Narrow 113.4 15.6 ab 
Conventional Normal 90.7 15.2 ab 
Conventional Narrow 68.0 14.4 abc 
Conventional Normal 136.1 14.3 abc 
Conventional Narrow 0.0 14.2 abc 
Conventional Narrow 136.1 14.2 abc 
Conventional Normal 113.4 13.9 abcd 
Conventional Narrow 90.7 13.3 abcde 
Conventional Narrow 22.7 12.5 bcdef 
Conventional Normal 45.4 12.4 bcdef 
Conventional Normal 68.0 12.3 bcdef 
No-tillage Normal 113.4 11.2 bcdefg 
No-tillage Narrow 90.7 11.2 bcdefg 
No-tillage Normal 136.1 11.1 bcdefg 
No-tillage Normal 68.0 9.9 cdefgh 
No-tillage Normal 22.7 9.5 cdefgh 
No-tillage Normal 90.7 9.5 cdefgh 
No-tillage Narrow 68.0 8.8 defgh 
No-tillage Narrow 45.4 8.4 efgh 
No-tillage Narrow 113.4 8.3 fgh 
No-tillage Narrow 136.1 8.2 fgh 
No-tillage Normal 0.0 8.1 fgh 
Conventional Normal 22.7 7.7 fgh 
No-tillage Normal 45.4 7.5 fgh 
No-tillage Narrow 22.7 6.6 gh 
No-tillage Narrow 0.0 5.4 h 








Active Downforce Experiment Emergence Counts 1 DAE at EREC 
 
Downforce (kg) # of plants in 1.5 m of row 
22.7 8.2 a 
45.4 4.9 a 
90.7 2.7 a 
68.0 2.5 a 







Active Downforce Experiment Emergence Counts 2 DAE at EREC 
 
Downforce (kg) # of plants in 1.5 m of row 
22.7 16.7 a 
45.4 16.0 a 
90.7 14.4 a 
68.0 13.4 a 







Active Downforce Experiment Emergence Counts 3 DAE at EREC 
Downforce (kg) # of plants in 1.5 m of row 
45.4 25.4 a 
22.7 23.6 a 
90.7 22.7 a 
68.0 21.2 a 







Active Downforce Experiment Emergence Counts 4 DAE at EREC 
Downforce (kg) # of plants in 1.5 m of row 
45.4 28.6 a 
90.7 25.7 a 
22.7 25.6 a 
68.0 25.1 a 




Active Downforce Experiment Penetrometer Readings (psi) at EREC 
Downforce (kg) Soil Compaction (psi) 
68.0 78.7 a 
90.7 73.8 a 
45.4 63.3 a 
22.7 63.2 a 




Active Downforce Experiment Soybean Grain Yield(kg/ha) at EREC 
 
Downforce (kg) Yield (kg/ha) 
45.4 66.9 a 
68.0 64.8 a 
22.7 64.0 a 
90.7 63.5 a 












Active Downforce Experiment Emergence Counts 1 DAE at PREC 
 
Downforce (kg) # of plants in 1.5 m of row 
68.0 4.0 a 
22.7 3.8 a 
45.4 3.7 a 
90.7 2.8 a 





Active Downforce Experiment Emergence Counts 2 DAE at PREC 
 
Downforce (kg) # of plants in 1.5 m of row 
68.0 21.0 a 
22.7 20.1 a 
45.4 19.8 a 
90.7 17.6 a 






Active Downforce Experiment Emergence Counts 3 DAE at PREC 
 
Downforce (kg) # of plants in 1.5 m of row 
22.7 24.4 a 
68.0 24.3 a 
90.7 22.7 a 
45.4 22.6 a 










Active Downforce Experiment Emergence Counts 4 DAE at PREC 
Downforce (kg) # of plants in 1.5 m of row 
68.0 26.9 a 
90.7 25.7 a 
22.7 24.3 a 
45.4 24.0 a 
P value 0.6571 
 
Appendix X 
Active Downforce Experiment Penetrometer Readings (psi) at PREC 
Downforce (kg) Soil Compaction (psi) 
90.7 96.4 a 
22.7 49.3 a 
45.4 43.5 a 
68.0 41.1 a 




Active Downforce Experiment Soybean Grain Yield(kg/ha) at PREC 
Downforce (kg) Yield (kg/ha) 
45.4 9.8 a 
90.7 9.7 a 
68.0 9.3 a 
22.7 7.8 a 
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